Out of over 200 known short-period comets, we analyse a self-consistent list of 105 comets which have accurately estimated nuclei radii. It is found that both the median size and the size distribution index of these comets vary as a function of the perihelion distance, q, of the cometary orbit. A value of q ≈ 2.7 au divides the comets into an outer solar system group which are hardly affected by decay, and an inner solar system group which are decaying quickly. It is estimated that 10, 20 and 30 per cent of the 105 comets will have decayed away after 1000, 2000 and 3000 yr, respectively.
I N T RO D U C T I O N
Short-period comets are defined as having periods, P, of less than 20 yr, but this limit is rather flexible because only 1.4 per cent of the known short-period comets have periods in the 17.0 < P < 20.0 yr range, and only 5.7 per cent in the 14 < P < 17.0 yr range. Shortperiod comets tend to have aphelia close to the orbit of Jupiter and they have been captured into the inner solar system by the gravitational influence of that planet. For this reason they are often referred to as Jupiter-family comets. Hughes (2002) noted that known shortperiod comets have a median perihelion distance of about 1.84 au, and a median orbital period of about 7.2 yr. These values indicate that the nuclei of short-period comets have the potential to decay quickly and this is backed up by observations of extensive comae and tails in the near-perihelion portions of their orbits.
As solar heating is responsible for the mass loss and size reduction of the nucleus, it is to be expected that comets with small perihelion distances decay faster than those with large perihelion distances. The perihelion distance of a cometary orbit is, however, not fixed. All cometary orbits vary with time as they are perturbed to greater and lesser extents by the gravitational influence of the major planets. The observed temporal variation of q with time for three reasonably typical short-period comets, 16P/Brooks, 4P/Faye and 6P/d'Arrest, are shown in Fig. 1 . It can be seen that over the previous 20 or so apparitions the perihelion distances vary by around ±0.1 au, but do not vary drastically from a mean position. There are cases, however, where the changes can be much more impressive. Comet P/Brooks 2 approached Jupiter to within 0.00096 au in 1886. The perihelion of its former intermediate-period orbit (P ≈ 40 yr), became the aphelion of the new orbit (P ≈ 7 yr), the perihelion distance changing from 5.45 to 1.95 au. It is expected to stay in the Jupiter family for at least a century (see Kazimirchak-Polonskaya 1972) . In what follows E-mail: d.hughes@Sheffield.ac.uk we are going to assume that the mean perihelion distance of typical short-period comets remains reasonably constant over time periods of the order of 30 000 yr. As we have assumed that these comets all have aphelion distances close to the orbit of Jupiter, the 'constant q' assumption is equivalent to an assumption of a constant semi-major axis. We are thus assuming that, over the short term, the change in cometary energy produced by Jovian perturbations is randomly either positive or negative.
The longer term dynamical behaviour of short-period comets was studied in detail by Levison & Duncan (1994) . They found that shortperiod comets moved backwards and forwards from the Jupiterfamily to the Halley (intermediate-period) family on average about 12 times during their dynamical lifetime (the Jupiter and Halley families were defined as having Tisserand parameters greater than and lesser than 2.0, respectively). By integrating the known shortperiod cometary population for 10 7 yr they found that the median dynamical lifetime was approximately 4.5 × 10 5 yr, the dynamical 'death' being about 15 : 1 in favour of ejection from the solar system as opposed to destruction by impact with the solar surface.
A twelfth of 4.5 × 10 5 yr, (37 500 yr) is still a long time in the life of a short-period comet. The typical comet will have passed perihelion over 5000 times in this interval. If the comet has suffered negligible decay during such an interval, the multiple transitions between Jupiter and Halley families will simply mix up old and new comets, neither group having decayed significantly. In these circumstances there should no correlation between nucleus size and orbital perihelion distance. If, however, short-period comets decay quickly, and the nucleus undergoes significant size change in 5000 orbits, i.e. 37 500 yr, then comets with small perihelion distances would be expected to be smaller than comets with large perihelion distances. Hughes (2002) concluded that the known short-period comet population did decay quickly. It was estimated that 50 per cent of the known short-period comets will decay away completely in the next 2600 yr, a further 25 per cent disappearing in the following 2300 yr. Under these circumstances it is completely nugatory to integrate the Figure 1 . The observed variation in the orbital perihelion distance of three typical short-period comets as a function of date. The data has been taken from Marsden & Williams (2001) . orbital evolution of the population for 10 7 yr. In fact the 37 500 yr mentioned above, this being the average dynamical residence time in the Jupiter family, is still 14 times longer than the suggested decay lifetime of half the known population. Three 'lifetimes' have to be borne in mind. There is the 'dynamical' lifetime of approximately 450 000 yr, after which a typical short-period comet is either ejected from the solar system or perturbed into the Sun. There is the 'residence' lifetime of 37 500 yr, this being the typical time a comet spends in either the Jupiter or the Halley family before being transferred from one to the other. Then there is the 'decay' lifetime, after which a short-period comet has completely disappeared due to mass loss during perihelion passage. If the 'decay' lifetime is as short as Hughes (2002) suggests it is, then it is expected that the mean size of the cometary nuclei in the short-period comet population will increase as a function of the orbital perihelion distance, and it is this supposition that we are going to investigate in this paper.
T H E R E L AT I O N S H I P B E T W E E N N U C L E U S R A D I U S A N D P E R I H E L I O N D I S TA N C E
In the last few years cometary astronomers have been allowed to use the Hubble Space Telescope (HST) and some of the largest groundbased telescopes to observe bare cometary nuclei at large heliocentric distances, at a time when they are not obscured by a surrounding coma. These observations have lead to a direct measurement of the brightness of the sunlight reflected from the nucleus. This brightness is proportional to the product of the geometric albedo of the nucleus and the mean cross-sectional area. Most researchers assume that the albedo is about 0.04 and thus derive the mean radius. The word 'mean' is used because the nuclei are expected to be potato-shaped, the longest dimension being about twice the shortest. Unfortunately the spatial resolution of HST at a typical comet-Earth distance is about two orders of magnitude greater than the radius of an average short-period cometary nucleus. The only Jupiter-family comet to have the size of its nucleus measured directly is 19P/Borrelly. The imaging team using the Deep Space 1 spacecraft (see Buratti et al. 2002) found the dimensions to be 8.0 × 3.15 km au (i.e. mean radius 2.5 km). The geometric albedo was found to be 0.029 ± 0.006.
Many astronomers have tackled the difficult problem of observing comets when far from the Sun, estimating the amount of light scattered by the cometary nucleus and converting that nuclear magnitude into a value for the radius of the nucleus (see, for example, Roemer 1976; Svoreñ 1987; Meech & Newburn 1998; Lamy et al. 2000; Tancredi et al. 2000; Lincandro et al. 2000; Lowry & Fitzsimmons 2001; Boehnhardt et al. 2002; Nesluan 2003) . Tancredi et al. (2000) took great care in reducing the data, using similar colour corrections, phase coefficients and albedos. The endproduct was a list of 105 short-period cometary nucleus radii, this list being divided into four quality classes dependent on whether the magnitude of the nucleus was accurate to <±0.3 mag, between ±0.3 and ±0.6 mag, between ±0.6 and ±1.0 mag, >±1.0 mag. The relationship between the error in the magnitude and the error in the radius can be estimated using equation (1) in Tancredi et al. (2000) , this being
where p v is the geometric albedo of the nucleus in the visual, R N is the radius of the cometary nucleus, m O is the apparent visual magnitude of the Sun (−26.77) , and H N is the absolute visual nuclear magnitude of the comet (this being the apparent magnitude it would have if seen at zero phase when both 1 au from the Earth and the Sun). The Tancredi et al. (2000) perihelion distance and nucleus radius data is give in both Table 1 and Fig. 2 . All cometary data sets suffer from observational selection. In the context of the present paper it is clear that large cometary nuclei are brighter than small cometary nuclei and are thus easier to detect. As the amount of gas and dust emitted by a cometary nucleus varies significantly as a function of the heliocentric distance of the comet, it is clear also that the perihelion distance of a comet plays a large role in its discoverability. Fig. 2 shows that the minimum sized short-period comet in the Tancredi et al. (2000) list increases with perihelion distance, its radius R min being roughly 0.5 km for 0.25 < q < 1.0 au, 0.6 km for 1.0 < q < 1.75 au, 0.6 km for 1.75 < q < 2.5 au, 0.8 km for 2.5 < q < 3.25 au, 1.5 km for 3.25 < q < 4.0 au and 2.1 km for 4.0 < q < 4.75 au. This change in R min explains why there is a 'data free' region in the lower right-hand corner of Fig. 2 .
The minimum size, of 0.5 km, for small perihelion distance comets is also worthy of comment. A comet of this size has a nucleus magnitude of about 19.1 (using equation 1 above), and a total coma magnitude, H 10 of about 10.4 (according to equation 13 in Hughes 2002) . Both these figures suggest that smaller, fainter comets should easily be detected by today's telescopic instrumentation, if they exist. Fernández et al. (1999) suggested that these very small cometary nuclei are not there, simply because they disintegrate very quickly into meteoroid streams. This would mean that their very short lifetime at that size mitigated against their detection. It is, however, difficult to envisage the speedy disintegration of a dirty snowball nucleus of radius 0.5 km into dust and ice-flakes occurring without a considerable sudden increase in lightscattering area, and a concomitant brightness outburst. Maybe the speed of decay when the nucleus reaches this size points strongly towards the nucleus having both an extremely fragile structure, and a low density. The later might indicate that the interior of cometary nuclei was full of very large holes. Another possibility is that R N < 0.5 km cometary nuclei speedily loose all their potentially volatile icy material and thus become physically indistinguishable from small faint asteroids. Under these circumstances we would be looking for H N > 19.1 'asteroid-like' objects and not H 10 > 10.4 small comets.
Hughes (2000) modelled the cometary decay process and the macro-features of the surface layers of a cometary nucleus. He suggested that the complete devolatilization of a R N = 0.5 km dirty snowball nucleus was very unlikely bearing in mind the suggested Table 1 . The perihelion distances, q, and nucleus radii R N of short-period comets, taken from Tancredi et al. (2000) . The comets are divided into different accuracy classes and listed in order of perihelion distance. (Quality class 1 has an accuracy approximately equivalent to ±log R N = 0.04; quality class 2 has ±log R N = 0.09, quality class 3 has ±log R N = 0.16 and quality class 4 has ±log R N = 0.24.) R is the average reduction in the nucleus radius per year, assuming that the nucleus has a mean density of 150 kg m −3 . The decay lifetime of the comet, τ , is give by values for the thermal conductivity of cometary material. Very little heat would be transmitted through the thin dusty surface layers during the short perihelion passage period. Snow more than a few metres or so below the surface would not reach a high enough temperature for sublimation to take place. It seems that a sudden acceleration in the cometary decay process is only likely when the radius of the comet has a value similar to the size of the typical vacant holes in the cometary interior. It is thus the existence of large interior holes that most probably explains the R min = 0.5 km mentioned above.
(The idea that a cometary nucleus is full of large holes has also been put forward as an explanation for cometary outbursts; see Hughes 1991.) Observational selection does not explain the 'data free' region on the left of Fig. 2 . Why are there no recorded short-period comets in the R N > 1.5 km, q < 0.95 au region? These are certainly big enough and close enough to both the Sun and the Earth to have been detected if they exist. We contend that these comets have all been removed by decay. The two 'data free' regions show up even more clearly if the data is plotted logarithmically, as shown in Fig. 3 . The effects of cometary decay can be estimated by considering the observed mass loss of Comet 1P/Halley. During its close approach to the Sun in 1910 and in 1986, the mass loss was estimated to be 2.8 × 10 11 kg (see Hughes 1985) and 5 × 10 11 kg (see Whipple 1986), respectively. The GIOTTO observations of 1P/Halley gave the mean radius as 5.6 km (see Keller et al. 1987) . Assuming that the cometary nucleus has a mean density of ρ kg m −3 , the mass losses given above are equivalent to the whole nucleus of 1P/Halley losing a layer from the surface of approximate depth
at each perihelion passage. This idea of the whole surface of the nucleus retreating by a depth R per apparition is clearly a rather too simplified picture. At any specific apparition the mass loss will only occur from a few active regions. However, these regions are not permanent features of the cometary topography. As time progresses, some seal up and others break out. Over many apparitions it is reasonable to consider the comet nucleus decreasing in size by progressively shedding 'skins', the process being akin to peeling off the layers of an onion. Unfortunately the value of the mean density of a cometary nucleus is still a matter of considerable debate. (No cometary masses are accurately known!) Considering the paradigm of the cometary nucleus as a weak, low-density, fragile, friable, slightly dusty snow-ball (see Hughes 2000 , for example) we shall follow Rickman et al. (1987) who obtained a density value of 150 kg m −3 from their study of the effect of non-gravitational parameters on near-perihelion cometary light curves. Assuming that the mean density of a cometary nucleus is 150/F kg m −3 (where, in our opinion, F is a factor close to 1.0), equation (2) 
Let us now move from the specific case of 1P/Halley, to the case of a general short-period comet. Following Fernández (1984) , the short-period comets are assumed to have aphelia at 5.2 au, the semimajor axis of Jupiter's orbit. The eccentricity of the orbits therefore decrease and the orbital periods increase as the perihelion distances get larger. Fernández assumed that the cometary nuclei were spinning quickly and that the surface of the nucleus had a uniform temperature at a specific heliocentric distance. H 2 O sublimation is powered by absorbed solar radiation and the mass loss per unit area of the cometary nucleus was then obtained by integrating the sublimation mass loss around the orbit. The graphical mass-loss data given in Fernández (1984) have been converted to an assumed nucleus albedo of 0.04. Values of the cometary mass-loss per unit area per unit time, M, are listed in Table 2 for Jupiter-family comets of differing perihelion distances. The values of M quoted for the individual comets in Table 1 have then been obtained by extrapolating between the values listed in Table 2 .
The average rate of radius decrease, R, of a specific cometary nucleus can then be found by dividing M by the mean density of the nucleus. The values quoted in Table 1 assume that this density is 150 kg m −3 . Notice that rate of radius decrease quoted above for Comet Halley is comparable with the values quoted in Table 1 for short-period comets of comparable perihelion distance. Assuming that the perihelion distance of a specific short-period comet remains Table 2 . The mass loss, M, per unit area, per year from the nuclei of short-period comets is given as a function of their perihelion distance, q. It has been assumed that the all the comets have aphelion distances of 5.2 au, and the eccentricity and orbital period vary accordingly. The albedo of the nucleus has been taken to be 0.04. The figures have been obtained by adapting graphical data given in Fernández (1984) . If the nucleus is assumed to have a uniform density of ρ, the surface retreats at an average rate of R m yr −1 , where R = M/ρ. The values quoted for R assume ρ = 150 kg m −3 . Table 1 is plotted as a function of perihelion distance. These values depend on many assumptions not least of which is that the nucleus has an albedo of 0.04, and a density of 150 kg m −3 . It has also been assumed that the comets decay according the model put forward by Fernández (1984) , and that their perihelion distances remain constant during the relevant time periods.
reasonably constant with time, the time, τ , taken for that comet to decay away completely can be estimated by noting that τ = R/ R. These 'decay' lifetimes are also listed in Table 1 . Fig. 4 shows the decay times of the short-period comets in Table 1 as a function of perihelion distance. Remembering the provisos (i.e the assumed density, the decay rates and the assumed constant perihelion distance), 10 per cent of the 105 comets in Table 1 decay away in the next 1000 yr. The τ values in Table 1 show that 20, 30, 40, 50, 60, 70 and 80 per cent of the 105 comets will have decayed in the next 2000, 3000, 4800, 7100, 17 000, 57 000 and 200 000 yr, respectively. Fig. 4 shows the very strong relationship between decay lifetime and perihelion distance. The 80 per cent of the comets that decay in the next 200 000 yr or so all have present perihelion distance less than about 2.75 au. Let us return to the work of Levison & Duncan (1994) . They predicted that Jovian gravitational perturbations made the typical short-period comet change orbit between the Jupiter family (P < 20 yr) and the intermediate family (20 < P < 200 yr) about every 37 500 yr. Fig. 4 shows that all the q < 2.3 ± 0.3 au shortperiod comets listed in Table 1 decay away completely in this time period, about 68 per cent of the Table 1 comets being in this category. We would thus expect a perihelion distance of this order to be a boundary between an inner solar system population that is visibly decaying, and inside which the sizes of the cometary nuclei will vary drastically as a function of perihelion distance, and an outer solar system 'well-mixed' population in which the mean cometary size was not a noticeable function of perihelion distance, and decay was much less important. The quoted uncertainly of ±0.3 au is rather conservative. It is a function of, among other things, the assumed density of the nucleus. If this density was, say, 2 × 150 kg m −3 , the estimated lifetime of the comet would be double the values given in Table 1 , and the estimated boundary at 2.3 au would move towards the Sun by about 0.2 au. A similar change in the opposite direction would occur if the density was decreased to 0.5 × 150 kg m −3 . Imagine a system where the observational selection criteria did not change over the whole 0.0 < q < 6.0 au range. Say this was equivalent to us being able to detect all the short-period comets with nuclei larger than some limiting radius R lim over this perihelion range. If we then calculated the median size of the R > R lim comets, Figure 5 . The R 1.5 km short-period comets listed in Table 1 have been sorted into six equally populated perihelion distance groups and the median radius of the comets in each group is plotted as a function of perihelion distance.
i.e. those unaffected by observational selection, we would expect this to be large and constant for perihelion distances greater than the 2.3-au boundary. As we moved from the boundary towards the Sun, we would expect the average size of the R > R lim comets to decrease. The data listed in Table 1 was sorted (independent of quality class) into six equally populated perihelion distance ranges. Fig. 2 indicates that an R lim = 1.5 km cut-off might be a reasonable starting point. The median radii of the remaining R 1.5 km comets were calculated for the comets in each group. These median radii are plotted as a function of perihelion distance in Fig. 5 . This figure shows that there is a step change, of about 1.0 ± 0.1 km, in the median radius value in the 2.6 to 3.0 au perihelion distance region. There is even a hint of the median radius decreasing with decreasing perihelion distance for comets with perihelia inside this boundary. A similar analysis was carried out with an R lim of 1.7 and 2.0 km.
Step changes of about 1 km were again found to occur at about the same perihelion distance. We are convinced that this change is not due to observational selection. The median values shown in Fig. 5 are dependent on both the perihelion distance bin sizes and the bin start points. Progressively varying the bin start points throughout the data set indicates that the step occurs at about 2.9 ± 0.1 au.
Again, dealing with only the R > R lim comets, we might expect their size distribution to be constant for perihelion distances beyond the boundary, and to be a strong function of heliocentric distance for perihelion distances within the boundary. Let us assume that the number, N, of comets with radii greater than a specific value is proportion to R −γ , where γ is the size distribution index. An example of this distribution is shown in Fig. 6 , where the logarithm of the cumulative number of comets with radii greater than R is plotted as a function of log R, for half the comets listed in Table 1 , i.e. those with q > 1.90 au. The linearity of the right-hand portion of the data plot in Fig. 6 is taken as justification for the choice of the N ∝ R −γ relationship mentioned above. It also indicates that γ is constant for radii larger than the 'knee' radius in Fig. 6 . The 'knee' occurs at a radius of around 1.6 to 1.8 km and this is taken as justification for the R lim radii chosen above. The Table 1 data was again sorted (independent of quality class) into equally populated perihelion distance ranges and logarithmic plots of N verses R were produced for each group. The gradients of the right-hand portions of these plots gave the size distribution index, γ , and these indices are plotted as a function of perihelion distance in Fig. 7 . It can be Figure 6 . The logarithm of the cumulative number of short-period comets with radii greater than R is plotted as a function of log R, for those Table 1 comets with q > 1.90 au. seen that there is a drastic change in the value of this quantity at a perihelion distance of around 2.5 au.
Unfortunately both the 'median radii' and the 'size distribution index' analyses are severely limited by the size of the available data set. The fact that only six median radii were shown in Fig. 5 , and five size distribution indices in Fig. 7 is simply because there are only 105 comets in Table 1 . It is, however, perfectly clear from this analysis that a boundary exists, somewhere around 2.9 au from the Sun. Greater precision will unfortunately only be possible when many more short-period comets have been found and measured.
There is a strong possibility that this boundary position is governed by the sublimation of water ice, this sublimation being the major driver of cometary mass loss. The surface temperature, T S K, of one square metre of the cometary nucleus surface (albedo A), perpendicular to the solar radiation flux, is given approximately by
If we follow the majority by assuming that the albedo is about 0.04, and that water ice starts to sublimate profusely into the vacuum of space at a temperature of around 230 K, equation (4) indicates that r = 2.90 au separates active from inactive comets. The conclusion presented above depends (among other things) on the calculation of the rate of mass loss from a short-period comet (see Fernández 1984, and Table 2 ). Many assume that Q, the number of gas molecules lost per unit time at a point on the inner solar system orbit of a comet, is proportional to r −α where r is the heliocentric distance of the comet at that time. In the inner solar system it seems reasonable to assume that Q is proportional to the amount of solar radiation absorbed per unit time by the nucleus. Thus α = 2. Some of the absorbed heat can, however, be re-radiated, and the fraction that is used for sublimation probably changes with heliocentric distance (i.e. the temperature of the nucleus surface). Huebner (1990) points out that 'the dependence of the production rate on the heliocentric distance seems in almost all cases to be steeper than that corresponding to r −2 '. This observation covered the 0.5 < r < 2.0 au range, and Huebner suggested that the complex relationship between the water sublimation rate and the temperature, the delay produced by heat transmission through a thin surface refractory dust mantle, and the possible gradual enlargement of active regions during solar approach are possible reasons. Many examples can be quoted; for example, Keller & Lillie (1974) found an r −2.3 relationship for the production of OH and H in Comet Bennett, and Weaver et al. (1981) found an r −3.2 relationship for the production of H 2 O in Comet Bradfield.
The work of Levison & Duncan (1994) stresses that the population of short-period comets is fluid. Jupiter's gravitational field can not only capture new comets on to P < 20 yr orbits but can also remove members of the short-period population by placing them on to P > 20 yr orbits. This capture and removal process can take place many times and is expected to take place continuously. So from the decay standpoint the known short-period cometary population contains both young, middle-aged and old comets. Unfortunately, the presently accepted paradigm of a uniform cometary interior, and the 'onion skin' model of average cometary decay, makes it impossible to distinguish old comets from young ones. We are also not sure whether other parameters, such as the fraction of the nucleus surface area that is active, are age-dependent.
It is also clear that the comets captured by Jupiter have a range of sizes, and not just one specific radius. The 'residence' time-period of 37 500 yr suggested by Levison & Duncan (1994) is of little important for comets inside the 2.7-au boundary mentioned above. Most have decayed completely before their 'residence' ends. It can be seen from Table 2 that these comets lose a considerable amount of mass each time they pass perihelion. Short-period comets typically have an aphelion distance that is approximately equal to the semimajor axis of the Jovian orbit. Kepler's Third Law then indicates that
Thus comets with perihelion distances of 1.0, 2.0 and 3.0 au are expected to have orbital periods of 5.5, 6.8 and 8.4 yr, respectively. The median q < 2.7 au comet has a q = 1.76 au, and a period of about 6.5 yr. This comet will have passed perihelion around 5800 times in the Levison & Duncan 'residence' period. There is no wonder that Fig. 5 shows that the q < 2.7 au comets have median radii that are 1.0 km smaller than the q > 2.7 au comets.
D I S C U S S I O N A N D C O N C L U S I O N S
In the eagerly expected book 'Comets II', Lamy et al. (2004) have reviewed the sizes, shapes, albedos and colours of cometary nuclei and have 'investigated a possible trend of nucleus size with perihelion distance'. They concluded that 'no such trend is apparent'. This might be true for q > 2.7 au comets, but we find that it is not the case for the q < 2.7 au group. Hughes (2002) stressed the transient nature of the majority of the known short-period cometary population. The Jovian induced transfers between short-and intermediateperiod groups is only important for the q > 2.7 au group. Most of the q < 2.7 au comets decay so quickly that they disappear altogether in a fraction of the Levison & Duncan 'residence' time. Hughes (2002) used total coma magnitude to estimate the radii of cometary nuclei and suggested that that about 50 per cent of today's known short-period comets will decay away completely in the next 2600 yr. The present paper uses much more accurate radii for the nuclei, and a more rigorous approach to the variability of mass loss with perihelion distance. The decay of 50 per cent of the short-period cometary sample is now found to require about 7100 yr. The present paper finds that q = 2.7 au is a real boundary in the short-period cometary population. This distance separates comets which have negligible water sublimation from comets that are decaying speedily. The 'outer' group contains two types of comets; ones that have always been on q > 2.7 au orbits and have never decayed, and ones that, at previous transfers from the intermediate population, were placed on q < 2.7 au orbits and were large enough to have not been completely destroyed before being returned to the intermediate population. Fernández (1984) indicated that the Jovian perturbations responsible for the transfer of intermediate period comets on to short-period orbits is such that about 37 per cent of the resultant orbits will have 0 < q < 2.7 au, the remaining 63 per cent having 2.7 < q < 5.2 au.
A cursory glance at a plot of nucleus radii as a function of perihelion distance (see Fig. 2 ) indicates that the small perihelion distance short-period comets in Table 1 are smaller than the large perihelion distance ones. Observational selection will ensure this, simply because the limiting size of a detectable comet increase drastically with increasing heliocentric distance. We endeavoured to circumvent the observational selection problem by just considering comets larger than 1.5 km. Fig. 5 shows that the median radius of the R > 1.5 km comets climbs gently through the 0 < q < 2.7 au range and then jumps about 0.9 km when the q = 2.7 au boundary is crossed. The gradient of this 'climb' is very indistinct. The five median radii, R med , on the q < 2.7 au side of the boundary can be tentatively fitted by the relationship R med = (2.18 ± 0.24) + (0.03 ± 0.14)q.
The variability of mass-loss rate with perihelion distance indicated in Table 2 makes one expect a much steeper gradient than 0.03 km au −1 . The fact that the standard deviation of this gradient (±0.14) is nearly five times the calculated gradient value gives you very little confidence in the 0.03 km au −1 value. Maybe a steeper gradient will be found in the future, when added cometary data decreases the standard deviations of the median radii given in Fig. 5 . Another possible explanation for the 0.03 km au −1 gradient is that the variability of perihelion distance with time illustrated in Fig. 1 could mix up the inner solar system cometary population thus reducing the variability of size with perihelion distance in the 0 < q < 2.7 au region.
The q = 2.7 au boundary separates short-period comets into two groups, the decaying group (q < 2.7 au) having a size distribution index γ = 3.02 ± 0.18 and the 'negligable-decay' group (q > 2.7 au) having γ = 1.37 ± 0.14. In the past, Hughes (2001 Hughes ( , 2002 ) estimated cometary magnitude distribution indices, a, and mass distribution indices, s. Here the cumulative number, N, of comets brighter than absolute magnitude H and the cumulative number, N, of comets more massive than mass M is given by log 10 N = b 1 + H log 10 a, and log 10 N = b 2 + (1 − s) log 10 M.
Thus γ = 5log 10 a and s = 1 + (5/3)log 10 a. Therefore γ = 3.02 ± 0.18 corresponds to log 10 a = 0.60 ± 0.04 and s = 2.01 ± 0.15, and γ = 1.37 ± 0.14 corresponds to log 10 a = 0.27 ± 0.03 and s = 1.45 ± 0.05.
Research in this field is seriously hindered by the scarcity of observations. Even though just over 200 Jupiter-family comets are known today, it can be seen from Fig. 2 that there are huge numbers awaiting discovery. These potential members of the family are very faint, this faintness being because the comets are too small, or too distant or both. If we could double the number of family members, we could enhance the perihelion distance resolution in Figs 5 and 7 by a factor of 2. Research is also hindered by the accuracy of observations. Table 1 lists 105 known radii divided into four quality groups. The top quality (class 1) contains only 9 per cent of the total, classes 2, 3 and 4 containing 17, 35 and 39 per cent, respectively. Not only should more comets be measured, but efforts should be made to move the measured comets into the top quality classes.
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